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The rising cost of healthcare is a major concern for health Authorities as well as for public. The same is applicable for the treatment of glaucoma. Glaucoma is the second leading cause of blindness worldwide, disproportionately affecting women and Asians. The prevalence of glaucoma in Asia is high. The total cases of glaucoma in 2020 in India will be 16.1 million.\[[@ref1]\] In country like India where financial sources are limited, it becomes necessary to provide treatment of glaucoma in cost effective manner.

Glaucoma requires long-term medical therapy. Up to 80% of patients may not take their medication as prescribed.\[[@ref2]\] Cost may be the deciding factor for adherence to medical therapy of glaucoma. There are not many studies in India on the cost of glaucoma therapy. Thus, there is an urgent need to assess the cost of glaucoma therapy. This study aimed to calculate the cost of various brands of different topically instilled antiglaucoma drugs. This study is intended to help ophthalmologists to choose the appropriate medication of a specific class according to the need of patients.

M[ETHODS]{.smallcaps} {#sec1-2}
=====================

It was a prospective, experimental and purely laboratory study. This study was conducted from December 1, 2012 to January 17, 2013. Five bottles of each 49 brandsof various antiglaucoma drugs were analyzed by calculating the yearly cost of medication.

The volume and maximum retail price (MRP) of each drug were recorded. Graduated glass cylinder having total capacity of 10 ml, marked with 0.2 ml gradation was used for measuring the volume and number of drops in one vial. Before the measurement of eye drops, it was ensured that measuring cylinder was dry.

Each bottle was opened by breaking the seal and tightly screwing cap of the bottle to create an opening at the tip of the bottle. The bottles were held at approximately 135 angle and drops were collected in glass cylinder. After drops had ceased to flow, bottles were inverted to 180° to try to obtain last drops in the bottle. Products that contain gel forming solutions were placed upside down for an additional 15-30 sec. To determine if any additional drop could be obtained. The total number of drops and total volume in the bottle were recorded. After each measurement, the cylinder was dried thoroughly after washing it using a scrub brush and rinsing with isopropyl alcohol.

The number of drops per ml was calculated by dividing number of drops with the actual volume that is, number of drops per ml = number of drops ÷ actual volume. Cost per drop was calculated by dividing MRP by total number of drops in each vial. For each drug cost/day was calculated by-cost/day = total number of drops instilled in both eye/day × cost per drop. After calculating cost/day, cost for 3 months, 6 months and 12 months were calculated. Overfilling and underfilling percentage was calculated for all the eye drops by -- (\[actual volume -- labeled volume\] ÷ actual volume) × 100. All measurements and calculations were presented in a tabulated form.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

Of the 245 bottles, 86 bottles (35.1%) had correct volume of drug as mentioned on the bottle, 7 bottles (2.86%) had overfilling with volume and rest 152 bottles (62.04%) had underfilling of volume \[Tables [1](#T1){ref-type="table"}--[4](#T4){ref-type="table"}\].
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Analysis of beta blocker and alpha adrenergic agonist ophthalmic preparations
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Analysis of carbonic anhydrase inhibitor and cholinergic agonist ophthalmic preparations
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Analysis of combinations ophthalmic preparations
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In Tables [1](#T1){ref-type="table"}--[4](#T4){ref-type="table"}, the difference in volume is appreciable. This difference was calculated by taking average of measured volume of 5 bottles. From the tables, it can be seen that the percentage of volume difference is mostly in negative (-ve), which indicates the underfilling of bottles. Some brands showed even higher level of difference in volume like in case of bimatoprost Brand D, latanoprost Brand B, timolol Brand B, brimonidine tartrate brand D.

Drop size varies from 29.4 μl to 67.47 μl. The number of drops per ml were highest for travoprost Brand A and latanoprost Brand B. Bottles of latanoprost + timolol Brand A, bimatoprost Brand B and C, travoprost Brand D, bimatoprost + timolol Brand A shows ≥30 average drops per ml. Number of drops varies from 14.85 ± 1.53 to 34.03 ± 0.69 drops per ml. The bottles of dorzolamide Brand A, brimonidine tartrate brand A and C, lies on the lower side that is, they contained \<20 average number of drops per ml.

Dorzolamide Brand A was the most expensive antiglaucoma drug with an annual cost of treatment being Rs. 6263.4. The other expensive drug that cost \>Rs. 5000/year is dorzolamide Brand B. Most of the other drugs lie in between Rs. 1000 and Rs. 5000/year. On the cheaper side that is, the drugs that cost ≤Rs. 1000/year are all brands of timolol maleate (i.e. Brand A, B, C, D, E, F), Travoprost brand A and betaxolol Brand A. Of various combinations, travoprost + timolol maleate Brand A was the most expensive one (Rs. 6098.4/year). On the other hand, Brand B and C of travoprost + timolol maleate were far cheaper than Brand A. Bimatoprost + timolol Brand B was the cheapest combination available in the market.

As a group, β-blockers were found to be the most economical, their cost ranged from Rs. 0.32 to 2.80/day, while carbonic anhydrase inhibitors were the most expensive, where the cost of TDS dorzolamide Brand A was Rs 17.16/day. There is a large variation in the range of cost per day in case of prostaglandin (PG) analogue and price varies from Rs. 2.22 to Rs. 15.34/day. This large variation is also seen for the various combinations available in the market. The cost per day for various combinations varies from Rs. 2.56 to Rs. 23.22/day \[[Figure 1](#F1){ref-type="fig"}\].
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Glaucoma is a chronic debilitating ophthalmic disease and is the leading cause of irreversible blindness throughout the world. Although β-blockers enjoyed great success as the first line anti-glaucoma therapy for many years, recently PG analogues have gained favor as the initial treatment of choice for most patients.\[[@ref3]\] The prescription rates of pilocarpine and β-blockers have shown constant decline while latanoprost and brimonidine increased steadily.\[[@ref4]\]

In a study, Fiscella *et al.* observed that the cost of combination agents was less than the separate bottles of individual constituents, as observed by the present study as well. In all these studies, β-blockers were found to be the most economical group of topical anti-glaucoma medications.\[[@ref5]\] Like present study, in another study,\[[@ref6]\] travoprost was found to have the maximum number of drops per ml at 34 and 40.86 drops/ml respectively. In our study, dorzolamide Brand A was found to have the least number of drops per ml (14.85 ± 1.53), while they found that timolol maleate had the least number of drops per ml (21.62 drops/ml).\[[@ref6]\]

Overfilling or underfilling needs to be considered while determining the baseline per day and per year costs. The higher the volume, the lower would be the cost incurred per day and per year. Overfill in the bottle helps to offset the high cost and in one way helps to counter the effects of inefficiencies resulting from the application error and provide a beneficial economic factor to the patient. As the number of drops per ml increased, the cost per day decreased and vice versa. In the present study, the average number of drops per ml varied widely from 14.85 ± 1.53 for dorzolamide Brand A to 34.03 ± 0.69 for travoprost Brand A. Cost per day and cost per year ranged widely depending on the class of medication and recommended daily dosing. Improved patient compliance with fewer daily drops is an important benefit of the newer anti-glaucoma medication.\[[@ref5]\] The convenient regimen and longer duration of action also improve compliance.

A single bottle of combination eye drops simplifies the therapy for patients by eliminating two separate bottles of each constituent and reducing the number of drops that must be placed in the eye daily. This may also help to reduce the potential for loss of another drugs pharmacological effect which is believed to be related to a dilutional pharmacological effect that occurs when second medication is administered before complete absorption of the first medication. The combinations also decrease the side effects caused by preservatives in the medication and improve compliance.\[[@ref7]\] In the present study, the costs of combination agents were less than the combined costs of separate bottles of individual constituents. This study raises the serious issue of underfilling of ophthalmic solutions. Pharmacologists have an important role to play in giving appropriate drug in right dosage form to the patients. Nor the ophthalmologist neither the patient can check these issues. Health policies should be made stronger for giving right volume of drug with right cost to the patients.
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